This study presents the environmental impact assessment of an absorption heat transformer designed to recover 1 kW of thermal energy from each 2 kW of waste heat supplies. The net contribution of the heat transformer is a load avoided of 0.665 kg CO2 equivalents; the recovery process avoids 0.729 kg CO2 equivalents and the major contribution to the environment impacts is the pumping process with 0.0437 kg CO2 equivalents for each 1 kWh recovered. The study results show that absorption heat transformer is a good environmental option because it produces useful energy from waste heat and the final result is an environmental impact diminution.
Introduction
The electricity consumption by the industry is 42.3% which is equivalent to 709 Mtoe (million tonnes of oil equivalent) [1] . The industrial sector requires energy for pumping systems, cooling and heating systems and illumination systems.
A heat transformer is a device which can deliver heat a higher temperature than the temperature of the fluid which is fed, normally waste heat energy from industrial processes or renewable energy such as solar or geothermal energy [2] .
AHT System Description
The AHT system consists basically of five plate heat exchangers (generator, condenser, evaporator, recovery and absorber), piping and accessories, two pumps and Lithium Bromide (LiBr) solution as a working fluid.
A constant heat waste is supply to the generator in order to vaporize a part of the working fluid (water) to the aqueous LiBr solution at low pressure. The vaporized working fluid flows to the condenser, delivering an amount of heat at close ambient temperature. The liquid leaving the condenser is pumped, to the evaporator at a higher-pressure zone. The working fluid is then evaporated at high pressure into the evaporator using a second quantity of heat waste at an intermediate temperature. At same time, the vaporized working fluid goes to the absorber, inside of which, it is absorbed by the concentrated in absorbent solution; this stream comes from the generator. The absorption process delivers useful heat at higher temperature. Figure 1 shows a schematic block diagram of the AHT function system.
Methodology
The increased awareness of the importance of environmental protection, and the possible impacts associated with products (including services), both manufactured and consumed, has increased interest in the development of methods to better understand and address these impacts. One of the techniques used for this purpose is LCA [7] [8] . There are four phases in an LCA study: 1) the goal and scope definition phase.
2) the Life Cycle Inventory analysis phase (LCI phase), it is an inventory of input/output data with regard to the system being studied. It involves collection of the data necessary to meet the goals of the defined study.
3) The Life Cycle Impact Assessment phase (LCIA) is the third phase of the LCA. The purpose of LCIA is to provide additional information to help assess a product system's LCI results so as to better understand their environmental significance. LCIA phase aimed at understanding and evaluating the magnitude and significance of the potential environmental impacts for a product system throughout the life cycle of the product. The method use for this study is IPCC 2007 which is a method developed by the International Panel on Climate Change. This method lists the climate change factors of IPCC with a timeframe of 20, 100 and 500 years [12] , the timeframe chosen was 100 years. 4) Life cycle interpretation is the final phase of the LCA procedure, in which the results of an LCI or an LCIA, or both, are summarized and discussed as a basis for conclusions, recommendations and decision-making in accordance with the goal and scope definition. Figure 2 shows a schematic diagram of the LCA of an AHT.
Life Cycle Assessment of AHT

The Goal and Scope Definition Phase
The Goal: The purpose of this study is assessment the environmental load of an absorption heat transformer. The intended application is to identify environmental improvements opportunities in the process involved.
The scope: The product system is an absorption heat transformer which recovers heat waste from an external source in the evaporator and generator. The system boundary: Four processes are considered in this study (assembly, recovery, pumping and LiBr (Lithium Bromide) solution) and shown in Figure 1 . The generator, condenser, evaporator and absorber process works in a cycle where the incoming Energy is the same than the salient Energy.
Allocation: there is not process shared with other products. Functional Unit: The functional unit is 1 kWh recovered for the system. Data quality requirements: the data for assembly process were taken directly from the equipment and the data for all the other process were obtained from SimaPro software [13] .
Assumptions: • No energy loss in the system.
• The recovered energy is considered as electrical energy avoided.
• Assembly, lifetime: 40,000 hours.
• LiBr Solution, lifetime: 1000 hours.
The Life Cycle Inventory Analysis Phase
The Heat Transformer processes are: assembly, recovery, pumping and LiBr (Lithium Bromide) solution. Tables 1-4 show the material list and input/output energy for each process. 
Life Cycle Impact Assessment Phase
Life cycle impact assessment phase (LCIA), aimed at understanding and evaluating the magnitude and significance of the potential environmental impacts for a product system throughout the life cycle of the product [7] . The impact potential assessment (IPA) is calculated with (1).
The Substances i for climate change category are shown in Table 5 . In Table 6 , it shows the characterization factors (CFi) for climate change impact category. Equation (1) calculated the IPA is shown in Table 7 .
In this phase the environmental effects of each process (assembly, recovery, pumping and LiBr solution reaction) are quantified and evaluated for the impact category Climate Change considered in this study, the impact is expressed in a common unit (kg CO 2 equivalents)/(kg of Substance). The SIMAPRO software [13] was used to evaluate the impact potential assessment.
The negative values means the quantity avoided; as an example, in the heat transformer, the substance carbon dioxide from fossil fuel (−621.8310824 g) means than this quantity is avoided. In the assembly process the substance carbon dioxide from fossil fuel (5.596467 g) means than this quantity is emitted to environment.
Life Cycle Interpretation
The AHT system net contribution is an emission avoided of 0.665 kg CO 2 eq (see Figure 3) . The pumping process is the highest contributor to the environmental load (see Figure 3) with 0.0437 which correspond to 6.57% of the net contribution (see Figure 4) . This process uses a source of electrical energy in the case of use another cleaner energy we can diminish the total impacts.
Conclusions
The efficient use of energy and minimum environmental impact of chemical processes are an important task today. By means of energy recovery systems, it is possible to improve the energy efficiency and the life cycle assessment is possible to evaluate the environmental impact of chemical processes. In the present work, the life cycle assessment of an absorption heat transformer which is designed to recover 1 kWh of heat in 1 hour from each 2 kWh of waste heat supplies in the generator and evaporator equipment was performed.
The life cycle assessment of the Absorption Heat Transformer shows that the substance with major emission is from carbon dioxide fossil to air. The net contribution of heat transformer is an emission avoided of 665 g CO 2 eq. and the recovery process avoids 728.6 g CO 2 eq. and the major contribution to the environment impacts is the pumping process 43.7 g CO 2 eq. The pumping process is the main contribute to the environment impact emitted. This process uses a source of electrical energy that can be replaced with solar energy.
The environmental impact assessment of this Absorption Heat Transformer has shown that this technology can be a good option to recover waste energy in a sustainable way.
